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schools with 34,283 pupils, the number of teachers at 
present giving instruction in connection with the Depart¬ 
ment being nearly 1,000. Now, how is this work being 
done ? In the first place let us say that it is going 
on among classes of the community which all our 
other educational means do not touch, and, as may be 
imagined, much of the work is night work ; in some cases 
the working men taught have commenced their education 
by building their schoolrooms ; and those who know the 
delights of a laboratory would think that the chemistry was 
acquired by apparatus and appliances which made even 
the simplest experiment an impossibility. 

Secondly, let us say that all the year’s work is brought 
to a focus by examinations held on the same night through¬ 
out the length and breadth of the land, the papers being 
sent from South Kensington to the local committees with 
infinite precautions, and the answers being returned sealed 
the same night to London. They then are handed over, 
with no indication as to name of candidate or place of 
examination, to the Government examiners, and when 
we state that these examiners include the names of 
Huxley, Frankland, Ramsay, Tyndall, and others of like 
calibre, we need say no more as to the rigour and fairness 
of the examination. Here is a table showing how this 
ordeal is passed :— 


Year. 

No. examined. 

No. of Papers 
worked. 

No. of Papers 
passed. 

1867 

4»52o 

8,213 

6,013 

1868 

7,092 

13 ,112 

8,649 

1869 

i3, 2 34 

24,085 

14,55° 


It is impossible within the limits of an article to dwell 
upon the various points of inquiry and interest which lie 
around the working of the system : we shall be content if 
we have shown what it is doing, and how the teaching is 
being conducted. When these points are known there 
can be no doubt as to the importance of the work done, 
and, although many improvements may be required, it is 
clear that in essentials the Department is now on the right 
track and is doing great good. What is most required is 
systematising and formulating the instruction. Hitherto 
the teaching has been rather desultory. It is very desirable 
that regular systematic courses of instruction, adapted to 
the local requirements, should be imposed as soon as this 
can be done without checking the spread of instruction. 
Some examiners complain of “cram,” but this is not 
limited to the South Kensington system ; and the teachers 
complain of poor pay. This should certainly be corrected; 
the results they are accomplishing are too important to be 
ignored ; and it would seem that the time had almost come 
for a complete inquiry into the whole system in order that 
this important national engine should work with the least 
possible friction and waste of power. 

WHAT IS ENERGYt 

IV.—THE DISSIPATION OF ENERGY 
T this point we can imagine some champion of 
perpetual motion coming forward and proposing 
conditions of truce. “I acknowledge,” he will say, “that 
perpetual motion, as you have defined it, is quite impos¬ 
sible, for no machine can create energy, but yet I do not 


see from your own stand-point that a machine might not be 
constructed that would produce work for ever. You tell 
me, and I believe you, that heat is a species of molecular 
motion, and hence that the walls of the room in which we 
now sit are full of a kind of invisible energy, all the 
particles being in rapid motion.” Now, may we not sup¬ 
pose a machine to exist which converts this molecular 
motion into ordinary work, drawing first of all the heat 
from the walls, then from the adjacent air ; cooling down, 
in fact, the surrounding universe, and transforming 
the energy of heat so abstracted into good substantial 
work ? There is no doubt work can be converted into 
heat—as, for instance, by the blow of a hammer on an 
anvil—why, therefore, cannot this heat be converted back 
again into work ? 

We reply by quoting the laws discovered by Carnot, 
Clausius, Thomson, and Rankine, who have all from 
different points of view been led to the same conclusion, 
which, alas ! is fatal to all hopes of perpetual motion. 
We may, they tell us, with the greatest ease convert 
mechanical work into heat, but we cannot by any means 
convert all the energy of heat back again into mechanical 
work. In the steam-engine we do what can be done in 
this way ; but it is a very small proportion of the whole 
energy of the heat that is there converted into work, for 
a large portion is dissipated, and will continue to be 
dissipated, however perfect our engine may become. Let 
the greatest care be taken in the construction and work¬ 
ing of a steam-engine, yet shall we not succeed in con¬ 
verting one-fourth of the whole energy of the heat of the 
coals into mechanical effect. 

In fact, the process by which work can be converted 
into heat is not a completely reversible process, and Sir 
W. Thomson has worked out the consequences of this fact 
in his beautiful theory of the dissipation of energy. 

As far as human convenience is concerned, the different 
kinds of energy do not stand on the same footing, for we 
can make great use of ahead of water, or of the wind, or of 
mechanical motion of any kind, but we can make no use 
whatever of the energy represented by equally diffused 
heat. If one body is hotter than another, as the boiler 
of a steam-engine is hotter than its condenser, then we 
can make use of this difference of temperature to convert 
some of the heat into work, but if two substances are 
equally hot, even although their particles contain an 
enormous amount of molecular energy, they will not yield 
us a single foot-pound of work. 

Energy is thus of different qualities , mechanical energy 
being the best, and universal heat the worst; in fact, 
this latter description of energy may be likened to the 
dreary waste heap of the universe, in which the effete 
forms of energy are suffered to accumulate, and, alas ! this 
desolate waste heap is always continuing to increase. 
Rut before attempting to discuss the probable effect of 
this process of deterioration upon the present system of 
things, let us look around us and endeavour to estimate 
the various sources of energy that have been placed at 
our disposal. 

To begin with our own frames, we all of us possess a 
certain amount of energy in our systems, a certain 
capacity for doing work. By an effort of his muscles the 
blacksmith imparts a formidable velocity to the massive 
hammer which he wields; now what is consumed in order 
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to produce this ? We reply, the tissues of his body are 
consumed. If he continues working for a long time 
he will wear out these tissues .and nature will call for food 
and rest ; for the former in order to procure the materials 
out of which new and energetic tissues may be con¬ 
structed ; for the latter, in order to furnish time and leisure 
for repairing the waste. Ultimately, therefore, the energy 
of the man is derived from the food which he eats, and if 
he works much, that is to say, spends a great deal of 
energy, he will require to eat more than if he hardly works 
at all. Hence it is well understood that the diet of a 
man sentenced to imprisonment with hard labour must 
be more generous than that of one who is merely im¬ 
prisoned, and that the allowance of food to a soldier in 
time of war must be greater than in time of peace. 

In fact, food is to the animal what fuel is to the engine, 
only an animal is a much more economical producer of 
work than an engine. Rumford justly observed that we 
shall get more work out of a ton of hay if we give it as 
food to a horse than if we burn it as fuel in an engine. 
It is in truth the combustion of our food that furnishes 
our frames with energy, and there is no food capable of 
nourishing our bodies which, if well dried, is not also 
capable of being burned in the fire. Having thus traced 
the energy of our frames to the food which we eat, we 
next ask whence does this food derive its energy. If we 
are vegetarians we need not trouble ourselves to go 
further back, but if we have eaten animal food and have 
transferred part of the energy of an ox or of a sheep into 
our own systems, we ask whence has the ox or the sheep 
derived its energy, and answer, undoubtedly, from the 
food which it consumes, this food being a vegetable. 
Ultimately, then, we are led to look to the vegetable 
kingdom as the source of that great energy which our 
frames possess in common with those of the inferior 
animals, and we have now only to go back one more step 
and ask whence vegetables derive the energy which they 
possess. 

In answering this question, let us endeavour to ascer¬ 
tain what really takes place in the leaves of vegetables. 
A leaf is, in fact, a laboratory in which the active agent 
is the sun’s rays. A certain species of the solar ray enters 
this laboratory, and immediately commences to decom¬ 
pose carbonic acid into its constituents oxygen and car¬ 
bon, allowing the oxygen to escape into the air while the 
carbon is, in some shape, worked up and assimilated. 
First of all, then, in this wondrous laboratory of Nature, 
we have a quantity of carbonic acid drawn in from the 
air : this is the raw material. Next, we have the source 
of energy, the active agent: this is light. Thirdly, we 
have the useful product : that is, the assimilated carbon. 
Fourthly, we have the product dismissed into the air, 
and that is oxygen. 

We thus perceive that the action which takes place in a 
leaf is the very reverse of that which takes place in an 
ordinary fire. In a fire, we bum carbon, and make it 
unite with oxygen in order to form carbonic acid, and 
in so doing we change the energy of position derived from 
the separation of two substances having so great an 
attraction for each other as oxygen and carbon, into the 
energy of heat. In a leaf, on the other hand, these two 
strongly attractive substances are forced asunder, the 
powerful agent which accomplishes this being the sun’s 


rays, so that it is the energy of these rays which is trans¬ 
formed into the potential energy or energy of position 
represented by the chemical separation of this oxygen and 
carbon. The carbon, or rather the woody fibre into 
which the carbon enters, is thus a source of potential energy, 
and when made to combine again with oxygen, either 
by direct combustion or otherwise, it will in the 
process give out a deal of energy. When we burn wood 
in our fires we convert this energy into heat, and when we 
eat vegetables we assimilate this energy into our systems, 
where it ultimately produces both heat and work. We 
are thus enabled to trace the energy of the sun’s rays 
through every step of this most wonderful process : first 
of all building up vegetable food, in the next place feeding 
the ox or sheep, and lastly through the shape of the very 
prosaic but essential joint of beef or mutton entering into 
and sustaining these frames of ours. 

We are not, however, quite done yet with vegetable 
fibre, for that part of it which does not enter into our 
frames may, notwithstanding, serve as fuel for our 
engines, and by this means be converted into useful 
work. And has not Nature, as if anticipating the 
w'ants of our age, provided an almost limitless store of 
such fuel in the vast deposits of coal, by means of which 
so large a portion of the useful work of the world is done ? 
In geological ages this coal was the fibre of a species of 
plant, and it has been stored up as if for the benefit of 
generations like the present. 

But there are other products of the sun’s rays besides 
food and fuel. The miller who makes use of water-power 
or of wind power to grind his corn, the navigator who 
spreads his sail to catch the breeze, are indebted to our 
luminary equally with the man who eats meat or who 
drives an engine. For it is owing to the sun’s rays that 
water is carried up into the atmosphere to be again pre¬ 
cipitated so as to form what is called a head of water, 
and it is also owing to the sun’s heat that winds agitate 
the air. With the trivial exception of tidal energy all the 
work done in the world is due to the sun, so that we must 
look to our luminary as the great source of all our 
energy. 

Intimately linked as we are to the sun, it is natural to 
ask the question, Will the sun last for ever, or will he also 
die out ? There is no apparent reason why the sun should 
form an exception to the fate of all fires, the only difference 
being one of size and time. It is iarger and hotter, and will 
last longer than the lamp of an hour, but it is nevertheless 
a lamp. The principle of degradation would appear to hold 
throughout, and if we regard not mere matter but useful 
energy, we are driven to contemplate the death of the 
universe. Who would live for ever even if he had the 
elixir of life ? or who would purchase, if he might, the 
dreary privilege to preside at the end of all things—to be 
“twins in death” with the sun, and to fill up in his own 
experience the melancholy dream of the poet,— 

The sun’s eye had a sickly glare 
The stars with age were wan. 

The skeletons of nations were 
Around that lonely man, 

Some died in war, the iron brands 
(jf Lay rusting in their bony hands, 

In peace and famine some. 

Earth’s cities had no sound nor tread, 

And ships lay driiting with their dead 
To shores where all were dumb. 

B, Stewart 
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